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Abstract 
Proper identification of stakeholders is the first step to bound the system of interest and ultimately to correctly 
define the problem of concern. Research has traditionally addressed the process of identifying stakeholders using 
stakeholder-centric methods such as brainstorming (unstructured or with discipline-specific taxonomies). These 
approaches are grounded on the idea of listing entities that have a relation to the system and then analyze their 
mutual relationships so that their relative importance with respect to the system can be assessed. Yet, these methods 
do not provide any mechanism to ensure completeness and thus introduce a high level of uncertainty in the 
definition of the problem at the beginning of the system life-cycle. The present research proposes instead a 
contextual- and behavioral-centric approach for stakeholder identification. Using systems thinking the focus is put 
on understanding all the underlying relationships, be them complex or simple, of the system within its environment 
and during its existence by comprehensively modeling its socio-technical context and behavior. As a result 
stakeholders no longer need to be sought, but they comprehensively emerge out of the holistic understanding of the 
system. 
© 2013 The Authors. Published by Elsevier B.V.  
Selection and/or peer-review under responsibility of Georgia Institute of Technology. 
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1. Introduction 
The importance of stakeholder identification for the success of organizations has been extensively documented 
and proven [1], [2], and [3]. Although initially used in the context of organizational and project management as 
proposed by Freeman [4] the concept of stakeholder was quickly adapted to the discipline of systems engineering, 
being the identification of stakeholders the first step of traditional systems engineering processes [5] and [6]. Due to 
the nature of design processes, each step is considered the limiting uncertainty factor in the validity of a design or 
system for consequent steps. Therefore, identification of stakeholders is of paramount importance to reduce the 
uncertainty of the validity of a system to be developed, since they bound the system of interest and therefore set the 
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basis for defining the problem space. In fact, the quality of the elicitation of requirements, and therefore ultimately 
of the requirements themselves, is directly dependent on the completeness and correctness of the identified 
stakeholders [7], [8], [9], and [10].  
Most of research on stakeholders focuses on stakeholder management in the organizational and project 
management domains and stakeholder involvement to elicit better requirements in the systems engineering domain. 
However little attention has been paid to the identification of stakeholders despite its recognized importance [8], 
[10], [11], and [12]. In a literature review ranging from 1984 to 2011 Pacheco and Garcia [13] conclude that 
process from their viewpoint, lacking a common framework of study and Traditionally 
stakeholders have been identified using stakeholder-centric approaches, basically consisting in brainstorming 
sessions against given classifications or taxonomies, Vos and Achterkamp [12] conclude using a pre-defined 
classification of stakeholders as a template is not good enough to ensure quality identification of stakeholders. In a 
later paper Achterkamp and Vos conclude on three major limitations derived from the use of such classification 
templates when identifying stakeholders [11]: 
 Limitation 1. It enforces the categorization of stakeholders. 
 Limitation 2. It is not possible to ensure completeness of the stakeholders. 
 Limitation 3. It is not possible to ensure correctness of the identified stakeholders. 
Analysis on existing literature scoping 1984 through 2011 by Pacheco and Garcia [13] confirms such hypotheses. 
The three limitations have profound negative consequences on the development of a system: 
 Consequence 1, derived from Limitation 1. Creativity in the identification process is jeopardized, because in-
the-box thinking is enforced, i.e. thinking only in stakeholders that fit within the given categories. 
 Consequence 2, derived from Limitation 1. Poor representation of stakeholders, because categorization may 
filter out behavioral broadness. 
 Consequence 3, derived from Limitation 2. Incomplete requirements, because not all stakeholders have been 
involved and analyzed. 
 Consequence 4, derived from Limitation 3. Incorrect requirements, because requirements are elicited from 
the wrong stakeholders. 
Pacheco and Garcia [13] provide a detailed list of consequences on software requirements derived from the 
mentioned limitations. 
The present research acknowledges the problematic identified in stakeholder identification and proposes the use 
of systems thinking to overcome such limitations. The proposed method consists in comprehensively modeling the 
socio-technical context and behavior of the system of interest in order to understand all the underlying relationships, 
be them complex or simple, of the system within its environment and during its existence. Such modeling is 
demonstrated by using the systemigram [14]. 
This paper is organized as follows. Section 2 provides a review of existing literature on the topics of stakeholder 
identification and systems thinking. Section 3 describes the experiment that has been used preliminary test the 
proposed method for stakeholder identification. The results for traditional approach are presented in section 4 and 
those using the proposed contextual and behavioral method are presented in section 5, where its application in 
model-based systems engineering or in a model-centric environment is also discussed. The paper concludes in 
section 6 summarizing the conclusions of the present research and giving directions on future research to complete 
the ideas presented in this paper.  
 
2. Literature review 
2.1. On the mechanisms to identify stakeholders 
 can affect or is affected by the 
 [4]. INCOSE establishes the definition of stakeholder of a system in 
 [5]. Larson, 
Kirkpatrick, Sellers, Thomas, and Verma [15] complete the definition by differentiating between active 
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stakeholders, as those that actually interact with the system once it is operational, and passive stakeholders, as those 
that affect the system but do not directly interact with it once it is operational. 
A review of existing literature on stakeholder management, both at organizational and systems engineering 
domains, conveys the idea of general acceptance with respect to the stakeholder-centric approach for stakeholder 
identification [13]. Bryson [16] presents fifteen techniques to identify and analyze impacts or importance of 
different stakeholders to an organization or even the relations between the different stakeholders. All analysis 
techniques consider stakeholders as existing inputs to the analyses. Identification techniques are solely based on 
unstructured brainstorming processes. 
Mostly based on simple brainstorming, some authors have tried to provide some structure to the process by 
brainstorming stakeholders against pre-defined categorizations. A structured brainstorming is proposed by Vries, 
Verheul, and Willemse[17] to identify stakeholders in an IT standardization process. They use a pre-defined 
categorization that is created by analyzing who can be benefited or affected by the system, namely production chain, 
end users and related organizations, designers, physical system, inspection agencies, regulators, research and 
consultancy, education, and representative organizations. Then they classify the different stakeholders with respect 
to their behavioral relation to the system, namely dormant stakeholders, discretionary stakeholders, demanding 
stakeholders, dominant stakeholders, dangerous stakeholders, dependent stakeholders, definitive stakeholders, and 
non-stakeholders. 
In a similar direction Ballejos and Montagna [8] propose a structural brainstorming method to identify 
stakeholders in inter-organizational environments, but add the concept of stakeholder role in a defined two-
dimensional categorization based on type and role of stakeholder. 
Crane and Ruebottom [18] criticize the vagueness and superficiality of stakeholder identification by their 
similarly propose a two-dimensional classification of stakeholders based on traditional roles and their relative social 
identities. 
Seeking completeness Sharp, Finkelstein, and Galal [10] develop a framework to help identifying the necessary 
stakeholders within the requirements engineering process, yet it results in another categorization of stakeholders and 
consequently inherits the limitations identified previously. 
Because all the methods presented are based on brainstorming against a defined categorization they all inherit the 
limitations identified in section 1 of this paper. Achterkamp and Vos [11] make a first attempt to overcome them by 
using systems thinking, in line with the approach of the present research, but with a different intent. The authors 
adapt the concept of boundary critique to add phasing and role to the classification of stakeholders. In this way, 
identifying stakeholders does not merely look at a given classification but also at the timeframe in which the 
different parties play a specific role. However, this approach still relays on structured brainstorming stakeholder-
centric approach instead of on a holistic modeling of the stakeholders and of the system of interest and consequently 
does not palliate in essence the current limitations. 
2.2. On the application of systems thinking  
Systems thinking is about understanding wholes over the sum of the constituents, about relations and not 
individualisms [14] and [19]. Systems thinking is a way of thinking abstractly breaking the barriers of domain and 
consequently perceiving the entire being (or system) as a unity. In practice this means that complex systems can 
only be analyzed cross-disciplinary and concurrently, instead of doing isolated domain-specific evaluations and 
bringing them together. In other words, any perspective from which a problem is analyzed is incomplete. Only the 
holistic view can provide complete understanding. Cabrera [20] identifies the bridging capability (or requirement) 
between physical, natural, and social sciences of systems thinking as a unique differentiator with respect to other 
types of thinking.  
One of the most popular systems thinking methodologies is the Soft System Methodology (SSM), which was 
developed by Checkland [21] to overcome limitations in human resource management. It is considered a 
methodology to understand reality, also understood as complex socio-technical systems. The methodology consists 
in 7 stages shared between two dimensions, the real world and the abstracted systems thinking.  
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Fig. 1. The 7 stages of SMM 
SSM has been extensively used in a variety of domains and their results have been positively documented. 
Brocklesby [22] defends the use of SSM by presenting a case study on its use for the development of competence 
profiles in human resource management. Ho and Sculli [23] present several uses of SSM in the organizational 
domain , and 
recognize the strength of the methodology to detect and represent problems, as well as to map the solution. Gillis 
and Galloways [24] are able to identify socio-technical barriers in knowledge sharing within an organization by 
using SSM. In the same domain of application Vo, Chae, and Olson [25] defend the use of SSM to fully and deeply 
understand company problems and end-up confirming the thesis that multiple perspectives are needed. In the field of 
project management Winter [26] proposes to improve project recovery effectiveness by using SSM to structure 
- -
situation. In the field of quality Conti [27] defends that SSM is the only instrument to really understand the concepts 
of quality and quality management, in particular with regards the inclusion of socio-political issues. In the technical 
field Niu, Lopez, and Cheng [28] adapt the SSM to requirements engineering and are able to detect flaws in current 
requirements engineering practices by modeling requirements engineering as a system of interest.  
The review of existing literature confirms the suitability of systems thinking, and in particular of SSM, to deal 
with socio-technical problems, to define their boundaries, to identify their behaviors and relations, and ultimately to 
define a roadmap for an effective solution. Furthermore Molineux and Haslett [29] demonstrate that SSM is able to 
increase creativity in teams due to its inherent creativity and flexibility. The present research hypothesizes that these 
elements make systems thinking and in particular SSM a good candidate to establish a contextual- and behavioral-
centric method to stakeholder identification that overcomes the limitations presented in the first section of this 
paper. 
SSM has in addition been complemented with other existing methods to increase its power in problem resolution. 
Rodriguez-Ulloa and Paucar-Caceres [30] have developed the Soft System Dynamics Methodology (SSDM) by 
combining SSM and System Dynamics (SD), allowing in this way dynamic simulations against the static vision of 
SSM alone. On a separate research track Presley, Sarkis, and Liles [31] incorporate Quality Function Deployment 
(QFD) and IDEF0 techniques to support the development of innovative products, processes, and services.  
With a different objective Boardman and Sauser [14] have developed the systemigram, which is envisioned as a 
graphical representation of thoughts intended as a communication tool. Systemigrams are constructed on the roots of 
systems thinking and consequently are able to reflect problem definitions or system representations based on SSM. 
3. Experiment methodology 
912   Alejandro Salado and Roshanak Nilchiani /  Procedia Computer Science  16 ( 2013 )  908 – 917 
3.1. Approach 
The effectiveness of the proposed stakeholder identification approach is preliminary tested by comparing its 
results against those of a traditional approach that is used as a benchmark. Effectiveness is measured on the amount 
of new stakeholders the proposed systems thinking approach is able to identify with respect to the benchmark. 
Two independent teams with comparable experience in systems engineering, knowledge of the domain of 
application, and personal capabilities and talent participate in the experiment. Team 1 uses traditional stakeholder 
identification making use of a set of predefined categories. Team 2 receives an introductory course in systems 
thinking and a detailed description and exemplification of the proposed methodology to identify stakeholders. 
The system under investigation is a commercial Earth observation space system intended to sell land and ocean 
images. The system boundaries include all traditional segments of space missions, i.e. space segment, ground 
segment, mission or user segment, and launch segment. 
3.2. Subjects 
The following table summarizes the characteristics of each team and their boundary conditions during the 
experiment: 
Table 1. Characteristics of teams performing the experiment 
Attribute Team 1 Team 2 
Team size (people) 11 3 
Experiment duration 8 hours 4 hours 
Experience in systems engineering 5-15 years 5-10 years 
Formal education in systems engineering Yes No 
Experience in domain (Earth observation space systems) Yes Yes 
Method of stakeholder identification Traditional Systems thinking 
Talent/qualities/skills of the individuals Recognized as 
technical leaders 
in their respective 
organizations 
Recognized as 
technical leaders 
in their respective 
organizations 
 
3.3. Limitations 
The experiment consists in a single case that compares the results for a single application by two teams. 
Therefore the results on the effectiveness of the proposed approach cannot be considered conclusive, yet they 
provide sufficient indication to proceed with a more extensive experimentation campaign that make use of diverse 
applications and teams so that statistical analysis can be performed confidently. 
4. Traditional approach to identify and document stakeholders in systems engineering 
The process to identify stakeholders in systems engineering traditionally consists in two steps: 
 Step 1. Brainstorm stakeholders to the system of interest and represent them in graphical form through a 
context diagram. This step is sometimes performed against a pre-defined categorization of stakeholders, 
which is domain-specific. 
 Step 2. Classify the identified stakeholders in active and passive, depending on their level of interaction with 
the system. 
Figure 2 depicts the context diagram developed by Team 1 (step 1).  
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Fig. 2. Context diagram for a commercial Earth observation space system 
The identified stakeholders are in line with those listed as examples for most of space systems by NASA in [32]. 
Then the stakeholders are classified in active and passive according to the following table (step 2): 
Table 2. List of active and passive stakeholders for a commercial Earth observation system 
Active stakeholders Passive stakeholders 
Private users Customers 
Operators Manufacturers 
Maintainers Government 
Scientific community Competitors 
Government Agencies 
Space environment Laws, regulations, and standards 
Other EO systems Investors 
 
The identified stakeholders would then be prioritized and used to elicit their requirements and eventually produce 
system requirements. Active stakeholders would therefore be used to evaluate the different use cases of the system. 
However, because passive stakeholders do not interact with the system once this is operational, they are hardly taken 
into account in the design effort and development of the system, besides the elicitation of requirements. However, 
the lack of their inputs may cause negative impact on value-centric design, flexibility, and adaptability of the 
project, as well as causing problems and issues due to the changing requirements in later stages of the project by 
passive stakeholders 
5. Systems thinking for contextual- and behavioral-centric identification of stakeholders 
5.1. Description of the method 
Because the identification of stakeholders is a creative activity uncertainty cannot be completely eliminated. 
However, methods can facilitate their effectiveness. This is the purpose of this research. 
Traditional approaches to stakeholder identification center the activity on answering who interacts with the 
system. The proposed method suggests exploring relations instead, which would result in the emergence of the 
who s. Consequently, the proposed method discovers stakeholders by iteratively evaluating the , the , the 
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, and the  of the system and of every direct and indirect stakeholder that is identified during the 
process.  
The identification of indirect stakeholders is considered critical because they provide valuable information on the 
motivations and decision criteria of direct stakeholders with respect to the system. 
Table 3. Set of questions to explore underlying relations of the system to discover stakeholders through emergence 
Topic Sample question 
Why Why having this system? 
 Why does the stakeholder do/want/react/interact/etc. that? 
How How does the system work/operate/behave/etc.? 
 How is the system designed/built/operated/challenged/disposed/etc.? 
 How does the stakeholder play/act/operate/think/decide/etc.? 
Where Where does the system work/operate/behave/etc.? 
 Where is the system designed/built/operated/challenged/disposed/etc.? 
 Where does the stakeholder play/act/operate/think/decide/etc.? 
What What does the system do? 
 What is the system expected to do/made of/etc.? 
 What does the stakeholder do/want/behave/decide/etc.? 
 
5.2. Applying the model-based method 
The identification of stakeholders using the proposed method as described in previous section by Team 2 resulted 
in the contextual and behavioral description graphed in Figure 3. 
5.3. Discussing the outcomes 
At first it can be seen that the graph directly contains more information than the mere listing of stakeholders 
shown in previous section. The systemigram conceptually describes how different stakeholders relate to each other 
and to the system. The model is time independent and therefore it reflects relations occurring during the entire life-
cycle of the system of interest. The description of the relationships self-validates the correctness of the identified 
stakeholders, as they provide the justification for their consideration. This feature overcomes Limitation 3, as 
defined in section 1.  
It shall be noted that the description of the relations in this approach differ from other Model-Based Systems 
Engineering (MBSE) techniques such as for example use cases or sequence diagrams. These MBSE techniques 
usually focus on modeling the Concept of Operations, in particular on modeling the actual interaction of the system 
with its stakeholders. In this case however, emphasis is not put on the details of the interaction but rather on 
evaluating how the context where the system lives looks like and behaves. For example, the importance of the 
definition of a relation does not lie on knowing that when a user sends a message A to the system a sandwich is 
delivered, but rather that the user benefits from the system. In fact the relational level of abstraction is what 
facilitates the holistic identification of stakeholders, and in particular of passive ones.  
Because stakeholders are not categorized they can be evaluated in their holistic nature. For example, the role of 
government is seen from different perspectives, but all of them are considered at the same time: potential user, 
potential investor, potential owner, responsible for law and regulations, etc. The concurrent nature of the model 
allows for a rich understanding of the effects a particular stakeholder can potentially have on a system at different 
points in time. This feature overcomes Limitation 1, as defined in section 1. The description of the relations also 
facilitates an automatic classification of stakeholders as active or passive with respect to their interaction with the 
system, avoiding thus the need to have a dedicated discussion for such analysis. In addition, the lack of 
categorization allows defining stakeholders as both active and passive at the same time, depending on the relation  
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Fig. 3. Systemigram of a commercial Earth observation space system 
they exercise towards the system of interest, which is a more realistic description of how some stakeholders affect or 
affected by the system of interest. 
Finally the enhanced creativity of the method, the elimination of boundaries in the thinking process, and the 
behavioral and contextual perspective of the method result in an identification of stakeholders that is complete, 
improving therefore the results of traditional approaches. For example, technology was not identified in the previous 
example, yet it can have significant effects on the success of the system. Similarly, some external systems that need 
to be used or that interface to the system of interest such as the Internet or weather forecast services were not 
identified, which would have resulted in incomplete stakeholder requirements. This outcome overcomes Limitation 
2, as defined in section 1. In addition, the study of the underlying relations discovers indirect stakeholders that 
influence active and passive stakeholders. This recognition is important in the sense that some of the passive or 
active stakeholders could be considered a mere consequence and therefore it is the cause (indirect stakeholder) what 
is really affecting the system. 
5.4. Moving towards model-based and model-centric systems engineering 
The use of systems thinking, which is the underlying principle to MBSE, provides an opportunity to transform 
stakeholder identification from a traditional document-centric environment to a model-centric one. The systemigram 
serves the purpose to transition from stakeholder lists and poor-content context diagrams to a rich contextual and 
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behavioral model, supporting the already known benefits of MBSE. 
The present research enables the integration of stakeholder identification as a first step in the systems engineering 
process into current practice of MBSE. Such integration would readily link stakeholders to a model-based concept 
of operations [33] and [34] and related derivative artifacts, such as requirements or use case scenarios.  
It is important to recognize in this field the work from Ballejos and Montagna [35], who provide an interesting 
discussion on modeling stakeholder identification, but from a process perspective. In their research MBSE is used to 
describe how identification of stakeholders is performed, thus the model is only usable as descriptive of the process 
but not for the process itself.  
The present research however fosters the use of MBSE to actually identify stakeholders of a system. 
6. Conclusions and future work 
The present paper begins with a review of existing methods to identify stakeholders in organizational and 
technical fields, which are stakeholder-centric, and summarizes their limitations. A model-based approach is 
proposed to overcome such limitations by using systems thinking and, in particular SSM, identifying stakeholders 
by recognizing and evaluating the underlying relationships between the different stakeholders and the system of 
interest. The systemigram is proposed as graphical representation for this contextual- and behavioral-centric 
approach. 
A field experiment has been used to preliminary test the proposed method and its results provide good indications 
that using systems thinking would overcome the limitations of traditional stakeholder identification approaches. 
Finally its integration in a model-based systems engineering environment is discussed. 
The present research aims at contributing to the development of model-based systems engineering and 
consequently sets the basis to continue research in the following topics in relation to the identification of 
stakeholders: 
 Field-validation of the proposed method by comparing its efficiency (amount of time to identify 
stakeholders) and effectiveness (coverage of stakeholders) with respect to the efficiency and effectiveness of 
traditional approaches to stakeholder identification increasing the amount of experiments to confidently 
perform statistical analyses of the results. 
 Identify existing SysML graphical representations or develop new ones. 
 Integrate the proposed method with existing model-based representations such as use cases, requirement 
elicitation, or concept of operations in an MBSE tool such as SysML. 
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